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Introduction

Grape (Vitis vinifera L.) is one of the most important economic plants in the world including Iran. One of the
most basic effective factors of the growth of fruit trees is knowing their nutrition. Micronutrients are as
important as Macronutrients for better growth, yield and quantity in plants. Garden plants suffer from severe zinc
deficiency, followed by boron, manganese, iron and molybdenum. Foliar application of fertilizers is a useful tool
to increase the nutritional effects of fertilizers or eliminate nutrient deficiencies during the growing season. The
aim of this research was to study the nutritional effects of consumption of different compounds of micronutrient
fertilizers of zinc chelate, iron and manganese as foliar consumption on the morpho-physiological traits of grape
plant.

Materials and Methods

Field experiments were carried out to evaluate the effects of micronutrients alone and in combination on
growth and fruit yield in grape grown at Iran, Zanjan province during 2016-2018. Physical and chemical
properties of the soil were evaluated before the experiment. During the two years of the research, no organic or

chemical fertilizers were used except for the combination of fertilizer treatments of the relevant design.

Treatments consist of foliar consumption of micronutrients fertilizers included two levels of EDDHA-Zn (0.1
and 0.3 %), EDDHA-Fe (0.1 and 0.2 %), and EDDHA-Mn fertilizers (0.1 and 0.2 %) and control levels (0 %) for
them. This experiment was implemented in a factorial format based on a randomized complete block design with
three replications and repeated for two consecutive years. The measured traits consist of Length of the First
inflorescence (X1), Number of Inflorescences per Branch (X2), Number of clusters per branch (X3), Number of
Clusters per Plant (X4), Weight of a Cluster (X5), Cluster Size (X6), Berry Size (X7), Number of Berries per
Cluster (X8), Weight of single berry, X10: Leaf Area Surface. Leaf Dry Matter (X11), TSS (X12), Fruit Juice
Sugar (X13), Fruit Juice Acidity (X14), Fruit Dry Matter (X15), Fruit Firmness (X16), Yield per Plant (X17),
Yield per Hectare (X18). The experiment was performed in factorial format with three factors, each at three
levels, based on a randomized complete block design with three replications in three locations (g; G) and in each
location for two consecutive years (Y). The analysis of each garden was analyzed in the form of factorial
experiment design and the effect of location factor was analyzed in the form of factorial-split (time) composite
analysis in place. In the statistical model used, time and place factor considered as random and treatment was
fixed.
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Results and Discussion

Evaluation of morpho-physiological traits showed that the use of these fertilizers individually or in
combination has significant positive effects on all measured traits (18 traits) at different stages of development.
The simple effect of the factor of the years was significant only on some of the measured traits and the two and
three-way interactions between this factor with the levels of treatment in the majority of traits were not
significant; which indicates the probability that the factor of the years has no effect on the measured traits. Based
on the results, the treatment combination of Fe 0.2 + Zn 0.3 + Mn 0.2 % EDTA was superior to other

combinations, and traits of the number of inflorescence and number of clusters per branch and number of
clusters per plant showed the best response than other measured traits. Spraing of micronutrients, especially iron,
zinc and manganese, has favorable effects on yield indices, better fruit set and fruit production per unit area,
which affects photosynthetic activities and important metabolic pathways in plants, leading to produce higher
amounts of primary metabolites such as higher sugar production in fruit, increase in soluble solids, also increase
in growth indices such as leaf area, more yield-related traits such as number of inflorescences and number of
bunchess per branch and per plant, number and the dimensions of the berries are in clusters. On the other hand,
these compounds help to absorb the main nutrients and play an active role in initiating metabolic processes such
as cell wall development, respiration, photosynthesis, chlorophyll formation, enzymatic activities, production of
growth regulators, and nitrogen fixation and reduction. Accordingly, these compounds were able to show better
performance compared to the control level by accelerating the absorption of other nutrients, strengthening
biochemical pathways and growth indices.

Conclusion

According to these results, the application of three fertilizers of zinc, iron and manganese EDTA
individually or in combinations of two or three of them, especially at high concentrations simultaneously, is
superior in comparison. Treatments composition of 0.3% zinc + 0.2% iron + 0.2% manganese EDTA and then
0.3% zinc + 0.2% iron + 0.1% manganese EDTA has more significant and positive on measured traits and
therefore as fertilizer compositions are recommended in vineyards in the form of leaves.
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Table 3- Separate ANOVA for grapevine cv. Bidane Sefid in the first year treated with micronutrient fertilizers

Olpts polie | (3151 a2y ;lﬁ"’ oo
ean squares
SOV. D.F. X6 X5 X4 X3 X2 X1
Sl Block 2 11.96 ns 27.96 ns 1.94 ns 0.01 ns 0.01 ns 0.12 ns
Zn 2 292111  *** 1313321 *** = 1375 | *** | Q@3 | *kx 983 | wkx  3]] 57 xwx
Fe 2 13526.2  *** 583147  *** | 11352 | *** | 1246 | *** | 1246 @ **x | 447 | x**
Mn 2 48054 | *** | 18773 | *** | 30922 | *xk | BG4 | xRk BG4 wkx | 7DD xkx
ZnxFe 4 24122 | ***x | 108782 | **x | 8l4 | Axx Q77 | Rk Q77 | %Rx 1914 | Rx*
ZnxMn 4 569.26 | *** 258124 | *** 1944  *** (023  ns 0.23 ns | 387 | ***
FexMn 4 190.24  *** | 89585 | *** 494 * | 031  ns 0.31 ns | 424 | x**
ZnxFexMn 8 391.6 | *** | 1602.88 @ *** = 392 * 037 @ * 0.37 * 141 | x*
s 52 11.41 45.13 1.73 0.14 0.14 0.25
Error
Sl s 2.02 2.02 5.02 16.96 16.96 4.08
C.V (%)
Ol glie 3151 a2y X12 X11 X10 X9 X8 X7
S.0.V. D.F.
'l Block 2 1.59 ns 0.72 ns 19.92 ns 0 ns 21.38 ns 0 ns
Zn 2 117.3 | *** | 3838.1 | ***  30602.4 *** 6.6 | *** | 179053  F** 39 | wxx
Fe 2 139.8 | *** | 26256 | *** | 120948 @ *** 29 | *kx 83405  *kx |7 kxx
Mn 2 120.3 | *** | 12183 | *** | 41851 | *** (09 | **x | 5A]Q | kxk (5 | Hxx
ZnxFe 2 14 ns 98.5 *k | DBBOG | Rk (5 | %k | 13554 | *xk (03w
ZnxMn 4 1.84 * 2576 | *** | 63123 | *** (.13 | *** | 34322  *** 008 @ Fx*
FexMn 4 14 ns 17.12 | *** | 22135 | *** (005 *** 11818 @ **x (03 | ***
ZnxFexMn 4 2.83 | *** | 6197 | *** 36778  *** | (08 *** 2381 | *** (05 @ ***
s 8 0.68 1.67 9.55 002.0 6.91 001.0
Error
Sl b 3.93 2.62 2.61 1.88 1.94 1.66
C.V (%)
Ol glie 3151 a2y X18 X17 X16 X15 X14 X13
S.0.V. D.F.
'l Block 2 8.14 ns 6.18 ns 212 ns | 1484 *** | 0.057 @ *** 056 ns
Zn 2 685.4 | *** | 5174 | *** | Q8582 | kx| D] ] | kxk | ] QB2 | x| J47.2 | Rx*
Fe 2 5554 | *** | 4201 | *** | G754.3 | *** 1582  **x | 2460 @ *** 1726 @ ***
Mn 2 31101 | *** 2357 | xkx | 17778 | **x | 1144 *xk 1102 | ** 1159 | Rx*
ZnxFe 2 8.63 ns 6.4 ns | 6934 | k| 74w (0263 | k1] ns
ZnxMn 4 224 | *** 1694 | x| 15244  *** 148 ns | 0.036 0 261 0
FexMn 4 206 | *** 1584 **% 7053 | *** 274 ns 0015 ns 1.72 0
ZnxFexMn 4 7.54 ns 5.73 ns = 2281 | *** | 5E6 | *F* 0044 | *EE 482 | wx
> 8 5.07 3.82 2.46 1.68 0.007 0.56
Error
Sl s 7.71 7.69 1.67 5.7 2.63 3.08
C.V (%)
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and *: non-significant, significant at p<0.001, p<0.01 and p<0.03, respectively.
X1: Length of the first inflorescence (4315 ool Jsb), X2: Number of inflorescences per branch (aie -;9), X3: Number of clusters

per branch (45l ,» as¢s sluss), X4: Number of clusters per plant (sLS > 4545 i), X5: Weight of a cluster (as¢s ;9), X6: Cluster size

ng *xE Ak
) ’

(495 3lw), XT7: Berry size (a> »ls), X8: Number of berries per cluster (asss ) 4o slass), X9: Weight of single berry (4> S5 y54), X10:

Leaf area surface (S alaw), X11: Leaf dry Matter (5, Sis o3k), X12: TSS (Jglone tols o3ke), X13: Fruit Juice Sugar (oo ol 13), X14:

Fruit juice acidity (sgeo o answl), X15: Fruit dry matter (s Suis osl), X16: Fruit firmness (sg.e i), X17: Yield per plant (s > Sles
oLS), X18: Yield per hectare (,isa > 5,5ks).
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Table 4 - The most and least effective fertilizer compounds from top to bottom, respectively, among the tested treatment
compounds
Based on the results of mean comparison of each garden per year (results not reported). Coding from right to left are manganese +

iron + zinc; Numbers are the percentage of fertilizer used per hectare.

O e P
Max Min
0.3+0.2+0.2 0+0+0
0.3+0.2+0.1 0.1+0+0
0.3+0.1+0.2 0.3+0+0
0.1+0.2+0.1 0+0.1+0
0.1+0.2+0.2 0+0.2+0
0.3+0+0.2
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Figure 1- Percentage of changes in treatment composition (a) and measured traits compared to control (percentage) as
average standard deviation

Each baseline shows the trend of changes in an attribute (a) or a treatment combination (part B) relative to the treatment level.
Levels of top-to-down fertilizer treatments: zinc chelate + iron + manganese. And attributes X1: Length of the first inflorescence, X2:
Number of inflorescences per branch, X3: Number of clusters per branch, X4: Number of clusters per plant, X5: Weight of a cluster,

X6: Cluster size, X7: Berry size, X8: Number of berries per cluster, X9: Weight of single berry, X10: Leaf area surface. X11: Leaf
dry matter, X12: TSS, (X12), X13: Sugar fruit juice, X14: Fruit juice acidity, X15: Fruit dry matter, X16: Fruit firmness, X17: Yield
per plant, X18: Yield per hectare.
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